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Divisions of the Immune System

» Physical barriers: skin, mucus-membranes, sweat
glands, hair, and associated secretions that prevent
pathogens from entering the body
» Lysozyme: enzyme in sweat, saliva, and tears that destroys

cell wall of bacteria

» Non-specific (innate) immunity: immune system
cells that quickly recognize and destroy all pathogens
that enter the body
» Responds to the same

» Specific (adaptive) immunity: immune system cells
that recognize and destroy specific pathogens, and can
also remember previous pathogens
> only

>
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Barriers to Infection in Vertebrates
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SKIN

This forms a nearly impenetrable
barrier that keeps pathogens from
entering the body.

LYSOZYME AND OTHER ENZYMES
Lysozyme in saliva and tears, and
digestive enzymes in the small
intestine, kill many bacteria.

ACIDIC SECRETIONS

Stomach acids, acidic vaginal
secretions, and acidic urine all protect
the digestive, reproductive, and urinary
tracts from bacterial pathogens.

m

)

CILIA

Hair-like extensions on the surface of
the respiratory tract move mucus-
entrapped pathogens up and out of the
lungs.

TEARS

Fluid containing antiviral and
antibacterial chemicals washes away
microorganisms from around the eyes.

EAR WAX
This sticky substance can trap
microorganisms in the ear canal.
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Phagocytosis

/@ Pseudopodia surround pathogens.

© Vacuolo forms.

@ Vacuole and lysosome fuse.

© Pathogens destroyed.

@ Debris from pathogens released.
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Cells Involved in Innate Immune Response
Phagocytes: cells capable of ingesting other cells

+ Neutrophils:leukocytes that circulate in the blood and kil invading pathogens via
phagocytosis
50%-70% of leukocytes in the blood
» leukocytes found in the tissue that secretes cytokines (signaling

molecules that recruit other cells to site). Kill invading cells via phagocytosis then
present pathogen fragments on cell surface

» Dendritic cells:located in tissues exposed to the environment (nose, lungs, stomach,
intestines). Engulf pathogens then migrate to lymph nodes where they present
pathogen fragments to cells involved in the adaptive immune response

Mast cells: release signals that increase blood flow to the wound site
> +dilates and increases permeability of blood vessels during innate response
>
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Adaptive Immune Response

Cell-mediated immunity: the production of cells
that infected cells in the body

» Tlymphocytes or T-cells: cells involved in the
activation of B-cells (helper T-cells) and the destruction
of infected cells (killer T-cells)

Mature in the Thymus

Humoral (Antibody-mediated) immunity: an
attack on pathogens in the blood and lymph through
the production of proteins called

» B-lymphocytes or B-cells: cells that produce
antibodies and function in antigen prevention

Develop in the bone marrow

storags ntympheld ssue
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Inflammatory Response .|

|.A break in the skin allows pathogens to enter the
body. Bleeding occurs if blood vessels or capillaries
are broken. Platelets release fibrin and other proteins
that form clots and reduce bleeding

2. Macrophages in the tissue engulf pathogens via
phagocytosis. Macrophages release cytokines which
recruit more leukocytes to the infected area.

3. Histamine is released by mast cells in the tissue and
basophils in the blood, which causes blood vessels to
dilate increasing blood flow to the area.

4.Blood vessels dilate and become more permeable
allowing more leukocytes into the wounded area

5. Neutrophils enter the infected tissue and begin to
engulf pathogens.

6.Inflammatory response continues until pathogens have
been eliminates and the skin heals

>

' Skin surface Intersttal fluid
Pathogen (2) Macrophages
% Cytokines

Mast cells
Basophils
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Adaptive Immune Response

Both B and T lymphocytes have antigen p!

B Cell
receptors on the surface. _\\ 4
» Each lymphocyte has just one type of .
receptor that recognizes just one antigen 7
» Billions of different antigen receptors

=<

A AN
Antigen receptors <
» When lymphocytes bind to an antigen Maple

they divide rapidly creating a population
‘ <

of genetically identical cells
e

¢

3
3
TCel 4
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Adaptive Immune Response

CELL-MEDIATED IMMUNITY
T cells protect against pathogens and toxins found
body cells by actively destroying invading pathogens and
infected cells

[y
Pathogens Antigens N » o
i . !
L 5 =
5
R O
% T cells
> =
Py &\ Antigen
Infected cell n— receptors

>

HUMORAL IMMUNITY
B cells protect against pathogens and toxins found in body
fluids,such as blood and lymph, by producing antibodies that
aid i the destruction of pathogens and infected cells

hY
Antigens - v

Pathogens

Antibodies
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Effector and Memory Cells

Primary response: after initially binding with L 1= Anigenson pahogens

e : . ©_ Antigen receptor
the p?thogen (hie Iymphocyte'dlvld.es raPldIy Jo<
creating populations of genetically identical cells T bymphocyte
» Effector cells recognize pathogens and immediately )\

take action to destroy pathogens and infected cells
» Plasma B cells, Helper T cells, and Cytotoxic T cells

» Memory cells produced as a result of the primary
response but remain in lymph and blood waiting  Effector cells
for another infection by the same pathogen
» Memory B cells and T cells

Memory cells -
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Immunological Memory

. . . Primaryi Secondary i Primary immune
Primary immune response:  Frimaryimmune - Secondary immune - Primary imi
antigen A antigen B

» Peaks 10-17 days afcer exposure

» Delay due to immune £
response i
P £8 10
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ATA

Function of Antibodies

Opsonization: antibodies
attach to the surface of
pathogens making it easier
for phagocytes to find and
engulf pathogens

Antigen Clumping:
antibodies make pathogens
clump together making it
easier for phagocytes to
locate and destroy pathogens

Preventing Cell Entry:
antibodies bind to the
surface of pathogens
preventing them from
entering body cells

Complement Protein
Signaling: antibodies signal
complement proteins which

} create holes in pathogen

membranes causing them to
burst.
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Antibody-Mediated Immunity

Every B-cell produced in the bone
marrow has a different type of antibody

» Estimates of 10 billion to 100 billion different
antibodies produced in humans

» Plasma cell:short-lived B cell
specialized in producing antibodies

» Memory B-cells: long-lived B-cells
with antibodies for a specific antigen
that remain in the body for a response
toa by the same
antigen

>
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Multiple Alleles: Blood Types

ANTIGENS e A e B AB e 0
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Blood Donation

THE SCIENCE BEHIND BLOOD DONATION
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« Individual s universal donor.
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Helper T-cells

Antigen presenting cell

Pathogen Antigen
fragment

Class 11 MHC
g molecule
Antigen
recsptor ‘Accessory
Protein (CD4)

Helper T cell

1. Antigen presenting cell presents antigen
fragments with class Il MHC molecules. Helper
T cells bind to MHC molecule with antigen
receptorand

>

Cytokines

2. Cytokines released by antigen
presenting cell and helper T cell
stimulate T cell proliferation

Clone of activated helper T cells

A
HUMORAL CELL-
IMMUNITY ~ MEDIATED
(secretion of  IMMUNITY
antibodies (attack on
byplasma infected cells)
cells)

3.7 cell clones release cytokines that help
activate B celland cytotoxic T cells
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Cell-Mediated Pathway .. e Ot ot e

iedos  pathogen oris
nvaded by it

Antigen-presenting cells:immune
system cells that help initiate an
immune response by

microbial antigens on their surface

» Dendritic cells, macrophages, B-cells Denditic co migrstes

o lymph node uhere
it presents anigen
fragmenis toCD4 and
» Dendritic cell: migrate to the lymph Copedts
node after capturing pathogen, where
they connect with helper T-cells
and/or killer T-cells.

» T-cells become modified to recognize

CD4 cells becomes
helper T cels and CD8
cels become Cytotoxic
7 cells, uhich continue
to mutiply

specific virus then multiply rapidly Wiatbond "
i reion

> « fasiitats production
Siregator, T oot
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Disruptions in Immune System Function

Allergies
» responses to antigens -
» Anaphylactic shock Y
PN
Autoimmune Diseases m—
» Immune system attacks
Lupus, MS,ALS, Rheumatoid Arthritis 2
. ) s | wamine
Immunodeficiency Diseases e
Ricaes ot mataming

» Lowered immune system
» SCIDS,AIDS Allergic response
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Cytotoxic (Killer) T Cells

Cytotoxic.
Teell

Accessory
Protein (CD8)

Class 1MHC
molecule’

Infocted

cell Antigen

fragment

1 Activated cytotoxic T cell binds with
class | receptor of infected cell with
antigen receptor and

>

2.CytotoxicT cell releases perforin molecules,

which create pores in infected cell.and
granzymes.which break down proteins

Granzymes

Reloased
cytotoxic
Teell

Dying infected cell

=

3. Granzymesinitiate apoptosis.
CytotoxicT cell releases to attack
another infected cell
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Active Immunity
» Getting the disease
» Immunizations (Vaccinations)

Passive Immunity
» Antibodies transferred from one
individual to another
Pregnancy and breast feeding
Injection of antibodies
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Vaccines
Vaccine:a form of a specific pathogen that is
administered to activate the acquired immunity in those receiving the vaccine
without subjecting the individual to the disease

» Evolution of new strains of the influenza virus every year require flu shots every year

Influenza virus ~ Antigens

00000
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Vaccination

1. Antigen-Presenting Cell (APC) finds and ingests vaccine antigen then presents antigen on the cell
surface. APCs travel to lymph nodes where other immune cells are congregated

2. T helper cells recognize the foreign antigen and alert other immune system cells
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Vaccination

3. B-cells recognize the antigen and then divide into antigen specific Plasma B-cells which produce
antibodies. Some B-cells become Memory B-cells

4 T cells recognize the foreign antigen and mature into Killer T-cells which find and destroy cells
infected with the virus. Some T-cells become memory T helper cells and Memory Killer T-cells

Memory

@) g Q
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Check Your Understanding

True or False:Vertebrates are the only organisms with an
adaptive immunity

True or False:An antigen is any foreign molecule or protein that
initiates an immune system response

True or False:Antibodies actively attack and kill pathogens
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Check Your Understanding

Which of the following immune cells ingest invading pathogens
through phagocytosis?

a. Dendritic cells

b. Mast cells

c. Natural killer cells
d. Cytotoxic T cells

e. More than one of the above cell types
ingest invading pathogens.
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Types of Invaders

:a bacterium, fungus, virus, or other disease causing agent

» Antigen: any foreign molecule or protein that elicits an immune system
attack. Often attached to pathogen membranes

» : region of the antigen where the antigen receptor or antibody bind
N . ; Antibody C '
‘AntlbodyA a protein c?f the Antibody A
immune system that blnc‘is Epitope Antibody B
toa tagging  antigen

it for attack by the immune
system > h

Pathogen Antigen
>
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"It is no measure of health to be well adjusted to a
profoundly sick society."
- Jiddu Krishnamurti

Immune System

Chapter 43 ‘
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A Borrowed Life

Virus: an infections particle incapable of replicating outside of a cell,
which consists of an RNA or DNA genome enclosed in a protein
coat (capsid)

> parasites

Arguments for describing viruses as non-living
» Can not reproduce outside of host cell

» Can not carry out metabolic processes
outside of outside of host cell
» Lack ribosomes and enzymes

A

ing 2 white blood cel
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Types of Invaders

Living invaders (microbes) that enter the human body
» Viruses
AIDS, Ebola,
» Bacteria
Salmonella, Tuberculosis,
» Fungi
Athletes foot, Ringworm
» Parasitic protists
Malaria, Giardia

Viruses Bacteria

» Parasitic worms
Tapeworms, Pinworms

Parasitic protists  Parasitic worms
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Virus Reproduction

Virus enters host cell after nmn

host cell recognition Ocnyana) ©

manuiaciurs of

Host enzymes replicate virus
DNA © Repiication
Host enzymes transcribe
viral DNA into viral mRNA,
which is used to make capsid
proteins

New virus particles assemble

© setsssemoy of
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